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Abstract: The use of dual-task training paradigm to enhance postural stability in patients with 
balance impairments is an emerging area of interest. The differential effects of dual tasks and 
dual-task training on postural stability still remain unclear. A systematic review and meta-analysis 
were conducted to analyze the effects of dual task and training application on static and dynamic 
postural stability among various population groups. Systematic identification of published 
literature was performed adhering to Preferred Reporting Items for Systematic Reviews and 
Meta-analysis (PRISMA) guidelines, from inception until June 2016, on the online databases 
Scopus, PEDro, MEDLINE, EMBASE, and SportDiscus. Experimental studies analyzing 
the effects of dual task and dual-task training on postural stability were extracted, critically 
appraised using PEDro scale, and then summarized according to modified PEDro level of 
evidence. Of 1,284 records, 42 studies involving 1,480 participants met the review’s inclusion 
criteria. Of the studies evaluating the effects of dual-task training on postural stability, 87.5% 
of the studies reported significant enhancements, whereas 30% of the studies evaluating acute 
effects of dual tasks on posture reported significant enhancements, 50% reported significant 
decrements, and 20% reported no effects. Meta-analysis of the pooled studies revealed moderate 
but significant enhancements of dual-task training in elderly participants (95% CI: 1.16–2.10) 
and in patients suffering from chronic stroke (-0.22 to 0.86). The adverse effects of complexity 
of dual tasks on postural stability were also revealed among patients with multiple sclerosis 
(-0.74 to 0.05). The review also discusses the significance of verbalization in a dual-task setting 
for increasing cognitive–motor interference. Clinical implications are discussed with respect to 
practical applications in rehabilitation settings.
Keywords: multitasking, fall, balance, cognition, rehabilitation, training, coordination
Introduction
Postural stability is an integral component of the motor control and coordination 
process of the body, which is required for preserving steadiness during static and 
dynamic activities.1 This component relies upon proprioceptive afferents and complex 
sensori motor actions.2–4 Posture is mediated by both higher “controlled” and lower 
“automatic” levels of processing,5,6 implying the involvement of basal ganglia–cortical 
loop for higher level processing7 and brainstem synergies for lower level processing.8 
Studies have suggested that any alleviation in conscious-controlled attention toward 
postural control increases the likelihood of disrupting coordination and stability,9,10 
possibly, as a consequence of movement-specific reinvestment.9,11 The theory of 
reinvestment suggests that directing attention internally to control movement, which 
is usually automatic, can disrupt its performance.9,10 The theory also suggests that 
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aging12 and neurological diseases9 are common conditions 
that increase reinvestment. Seidler et al13 reaffirmed these 
suggestions and associated physiological changes with aging 
and injury to loss in gray/white matter within the central 
nervous system, resulting in differential-reorganized cortical 
activation. Here, the authors suggested that differential corti-
cal activation within the higher neural centers can affect task 
prioritization, further allowing increased conscious attention 
while carrying out cognitive or motor tasks.14
To resolve this issue, distracting dual tasks have been 
used in several studies.9,15–17 A dual task acutely directs the 
performer’s attention toward an external source of attention 
(eg, n-back, random letter generation tasks), while 
performing a primary task. According to the constrained 
action hypothesis, this attentional change might allow motor 
systems to function in an automatic manner, resulting in more 
effective performance.10 Practical applications for enhancing 
the automation of postural control have been demonstrated 
in studies evaluating complex motor skills,18,19 postural 
stability,17 and gait.15
However, with an increase in complexity, a subsequent 
increase in cognitive processing and eventually cognitive–
motor interference has been reported.20–23 This increase in 
central interference adversely affects both cognitive and 
motor performance.6,23 Studies speculate that inhibition of 
cognitive and balance ability post dual-task inclusion can 
be because of the bottleneck and central sharing model 
theories.21,24 According to these theories, functioning of a 
neurological pathway mediating both cognitive and motor 
functions might be affected, when a continuous input as in a 
dual-task setting is directed with a primary task. This might 
adversely affect cognitive tasks or stability performance.
Similarly, a complexity-related decrease in cortical 
reciprocal inhibition in fall-prone population groups (elderly, 
patients with history of fall, with neurological diseases) has 
been identified as an important factor to promote postural 
instability.25,26 Studies suggest reduced gamma-aminobutyric 
acid B-mediated cortical inhibition27 and elevated muscular 
coactivation26,28 to be the primary reasons for this effect. 
Boisgontier et al,6 Ruffieux et al,26 and Smith et al29 in their 
review studies concluded that application of dual task on 
fall-prone population groups results in postural instability 
and poor cognitive performance. However, minimal effects 
of cognitive–motor interference have been reported in a few 
reviews for diseased fall-prone population groups, which 
theoretically should exhibit poorer cognitive resources as 
compared to their healthy older counterparts.30,31 Therefore, 
there is a need to determine specific factors that in terms 
of complexity for a cognitive or motor task might result in 
differential effects on stability.
Furthermore, studies have extensively mentioned the 
beneficial effects of motor,32,33 dual-task training,34–36 for 
enhancing cognitive and motor performance even in fall-
prone population groups. Another important determinant 
that is commonly utilized to enhance stability and cognitive 
performance is physical exercise.32,33,37 The studies report 
these training maneuvers to be crucial for smoothening of 
various cognitive abilities and reducing cognitive–motor 
interference.38–40 Müller and Blischke41 suggested that the 
training allows modulation of consciousness-dependent motor 
activities to be more automatic, thereby reducing dual-task 
costs. Likewise, Bherer et al42 while reporting the beneficial 
effects in fall-prone population groups suggested freeing up 
of cognitive resources meant for monitoring performance to 
be the primary reason. The change in modulation of motor 
activity has been suggested to allow automatization by 
“structural displacement”,43,44 where a shift in the operation 
control of motor planning and executive control occurs from 
higher cognitive centers to basic noncognitive centers.45,46 
This training maneuver has recently drawn a lot of interest 
as compared to its older counterpart and speculations persist 
as to which protocol overlays beneficial effects on postural 
stability among different population groups.47,48 Recent review 
studies evaluating the effects of dual-task training in elderly38,49 
and population groups with neurological diseases50,51 
conclusively report the beneficial effects of dual-task training 
for enhancing cognitive abilities and stability, whereas some 
review studies report no identifiable benefits.33,52 The studies 
also mentioned the increased heterogeneity of the training 
protocols within the studies to cause difficulties in identifying 
a specific method’s effectiveness. Wang et al,51 for instance, 
in their meta-analysis reported benefits of dual-task training 
on static stability, however, with considerable heterogeneity 
(I2: 88%). This review was an attempt to extend the efforts of 
the previous reviews and comparatively examine the effects 
of dual tasks, dual-task training methodologies on the postural 
stability of healthy and fall-prone population groups. The 
review also aimed to conduct meta-analysis across homo-
geneous groups for determining effective methodologies in 
terms of complexity and training methodologies for dual task 
and dual-task training scenarios.
Methods
This review was conducted according to the guidelines out-
lined in Preferred Reporting Items for Systematic Reviews 
and Meta-analysis (PRISMA) statement.53
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Data sources and search strategy
The databases Scopus, PEDro, SportDiscus, EMBASE, and 
MEDLINE were searched from inception until June 2016. 
The search was limited to the abovementioned databases 
due to access regulations of the university. Keywords for 
search strategy were included using medical subject headings 
(MeSH). An example of the search strategy for EMBASE 
database has been provided in Table S1. The inclusion criteria 
for the studies were as follows: 1) studies that were random-
ized controlled trials (RCTs), cluster RCTs, and controlled 
clinical trials (CCTs); 2) measurement of postural stability 
using highly valid and reliable methods (static and dynamic 
posturographic analyses, center of pressure, center of grav-
ity analysis, sensory orientation test, Berg balance scale, 
time up and go test, star excursion balance test, modified 
star excursion balance test, and active movement extent 
discrimination apparatus); 3) dual tasks performed during the 
research were reliable and valid; 4) studies that scored $4 
on the PEDro methodological quality scale; 5) experiments 
that were conducted on human participants; 6) published 
in a peer-reviewed academic journal; and 7) articles that 
were published in English language. Studies evaluating the 
abovementioned parameters in participants below the age 
of 18 years were not included, as development of postural 
control centers has been reported to take place during this 
developmental phase.54 Studies were excluded if they ana-
lyzed postural stability in a sitting position or while using a 
picture analysis software. All the studies identified during the 
search were independently screened (Figure 1) for eligibility 
by a primary researcher and every effort was undertaken to 
avoid subjective bias.55 Preliminary analysis for selection was 
performed by analyzing titles and abstracts, and, wherever 
necessary, the entire text of the article was studied. Where 
further clarification of the published data was required, the 
5HFRUGVDIWHUGXSOLFDWHVUHPRYHGQ 
5HFRUGVH[FOXGHGQ 
5HYLHZDUWLFOHV&DVHVWXGLHV3RVWHUSUHVHQWDWLRQV&RQIHUHQFHSURFHHGLQJV3RRUPHWKRGRORJLFDOTXDOLW\
)XOOWH[WDUWLFOHVH[FOXGHGZLWKUHDVRQVQ 
)XOOWH[WDUWLFOHVDVVHVVHGIRUHOLJLELOLW\Q 
5HFRUGVLGHQWLILHGWKURXJKGDWDEDVHVHDUFKLQJQ 
5HFRUGVVFUHHQHGQ 
6WXGLHVLQFOXGHGLQTXDOLWDWLYHV\QWKHVLVQ 
6WXGLHVLQFOXGHGLQILQDOUHYLHZQ 
6WXGLHVLQFOXGHGLQPHWDDQDO\VLVQ 
'XDOWDVNWUDLQLQJQ 
$JHFODVVLILFDWLRQQ 
1HXURORJLFDOGLVRUGHUVQ 
6WXGLHVLQFOXGHGLQPHWDDQDO\VLVQ 
6WXGLHVLQFOXGHGLQPHWDDQDO\VLVQ 
Figure 1 Flow diagram illustrating studies for inclusion in the review study (PRISMA flow diagram).
Abbreviation: PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-analysis.
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first researcher attempted to contact the respective authors. 
Bibliographic sections of all the articles were retrieved for 
evaluations. Citation search for all the included articles was 
performed using Web of Science. A classification of studies 
based on their experimental design56 and country of origin 
was also made (Supplementary material).
Data extraction
Upon selection for review, the following data were extracted 
from each article: author, date of publication, selection 
criteria, sample size, sample description (gender, age, health 
status), intervention, dual-task, outcome measures, results, 
and conclusions. The data were then summarized and tabu-
lated. Furthermore, classification of studies was made based 
on their experimental application,56 and the population groups 
were assessed.
Quality and risk of bias assessment
The quality of the studies was assessed using the PEDro 
methodological quality scale. The scale consists of eleven 
items addressing external validity, internal validity, and 
interpretability. The PEDro scale can detect potential bias 
with fair to good reliability57 and is a valid measure of 
the methodological quality of trials. A blinded rating of 
the  methodological quality of the studies was carried out 
by the primary reviewer. Ambiguous issues were discussed 
between reviewers, and consensus was reached. For the 
included CCTs, a scoring of 9–10, 6–8, and 4–5 was con-
sidered to be of “excellent”, “good”, and “fair” quality,58 
respectively. Likewise, the level of evidence was suggested 
to be of level 1a (strong) if more than one RCT ($6), 1b if 
one RCT ($6), and 2 if one RCT (,6), or CCTs with similar 
methodological approaches were consistent with the results.58 
With differential results among paired groups of studies, the 
result of the study(s) with higher PEDro score was given more 
consideration. Inadequate randomization, nonblinding of 
assessors, no intention to treat analysis, and no measurement 
of compliance were major threats to biasing.2
Data analysis
This systematic review also included a random-effect 
meta-analysis approach to develop a better understanding 
of the incorporated interventions. A narrative synthesis of 
the findings structured around the intervention, population 
characteristics, methodological quality (Table 1), and the 
type of outcome is provided. Likewise, summaries of inter-
vention effects for each study were provided in a tabular 
form (Table S1). A meta-analysis was conducted between 
pooled studies using comprehensive meta-analysis (CMA 
V 3.0; Englewood, NJ, USA). Heterogeneity between the 
studies was assessed using I2 statistics. The data in this review 
were systematically distributed and for each available vari-
able pooled, dichotomous data were analyzed and forest plots 
with 95% confidence intervals (CIs) are reported. The effect 
sizes were adjusted and reported as Hedge’s g. Thresholds 
for interpretation of effect sizes were as follows: a standard 
mean effect size of 0 means no change, negative effect size 
means a negative change, mean effect size of ,0.1 is con-
sidered a small effect, 0.1–0.3 a medium effect and .0.30 a 
large effect.59,60 Interpretation of heterogeneity via I2 statistics 
was as follows: 0–40% might not be significant, 30%–60% 
represents moderate heterogeneity, 50%–90% represents 
substantial heterogeneity, and 75%–100% represents con-
siderable heterogeneity. Meta-analysis reports including 
heterogeneity among studies were evaluated to determine 
the reason of heterogeneity, and the included studies were 
then pooled separately and analyzed again. The alpha level 
was set at 95%.
Results
Characteristics of included studies
The initial search yielded 1,284 studies, which on implementing 
the inclusion/exclusion criteria were reduced to 42 (Figure 1). 
Data from the included studies are summarized in Table 1. Of 
the 42 studies, three were RCTs,34–36 and 39 were CCTs. Eight 
studies evaluated the effects of dual-task training on postural 
stability.34–36,48,61–64 Eight studies evaluated the effects of dual 
tasks on participants suffering from neurological diseases, 
such as degenerative cerebellar disorder, Parkinson’s disease, 
and multiple sclerosis.21,65,66 Twenty-six studies evaluated 
the effects of dual tasks on postural stability among healthy 
young and/or elderly participants.16,17,20,67–89 Within these 26 
studies, 14 studies compared the effects between young and 
elderly participants, eleven studies evaluated only young and 
one study evaluated only elderly participants.
Participants
Of the included studies, 33 studies incorporated mixed-
gender participant groups.16–18,20–22,36,61–67,69–78,81–84,87,88,90–94 
Four studies incorporated only female participants,35,79,85,86 
and two studies incorporated only male participants.34,89 
Three studies did not specify the gender of the included 
participants.48,61,80 The included studies provided data on 
1,480 participants (n=796 females/581 males). Descriptive 
statistics related to the age (mean ± standard deviation) of the 
participants were tabulated across the studies. Three studies 
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Review of dual-task and dual task training on posture
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Review of dual-task and dual task training on posture
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provided the median age of participants,75,87,88 and five studies 
mentioned the age of participants in range.16,81,82,85,86
Risk of bias within studies
In order to efficiently reduce the risks of bias, the studies had 
to score $4 on PEDro scale to be included in the review. 
The criteria for research studies to be included in the review 
were limited to gold standard RCTs, cluster RCTs, and 
CCTs. The individual scores attained by the studies using 
the PEDro scale are reported in Tables 1 and S2. The aver-
age PEDro score for the 42 included studies was computed 
to be 4.7 out of 10, indicating fair quality of the overall 
studies. One study scored 7,36 three studies scored 6,21,35,65 
20 studies scored 5,16,17,20,34,69–72,74,77,79–84,86,92–95 and 18 studies 
scored 4.22,48,61–63,66–68,73,75,76,78,81,85,87–89,91
Risk of bias across studies
Common methodological shortfalls observed in this review 
were inadequate concealment, intention-to-treat, nonblind-
ing of participants, therapists, and assessors. One study 
reported blinding of assessors and confirmed intention-to-
treat the included participants. Furthermore, only two studies 
confirmed concealed allocation of subjects.35,36 The authors 
could not interpret concealed allocation of participants in 
three studies,65,82,85 and, therefore, no points were awarded 
to the studies. The overall risk of bias for quality assessment 
within studies is illustrated in Figure 2.
Meta-analysis
The evaluation of research studies via meta-analysis 
requires strict inclusion criteria to efficiently limit the 
heterogeneity.96 However, among the pooled group of studies 
the authors observed unexplained heterogeneity, suggesting 
incorporation of a random-effect meta-analysis under such 
conditions. The researchers added that a random-effect meta-
analysis involves an assumption that the estimated effects in 
various studies are unidentical but follow some distribution. 
Therefore, studies analyzing similar variables were pooled, 
and a random-effect meta-analysis was conducted across 
four categories (dual-task training: elderly participants, 
dual task: multiple sclerosis, young, old). The main reason 
for not including the statistical approach within the studies 
was major differences in training duration, assessment 
methods, age/gender, complexity of dual tasks, and lack of 
descriptive statistics within the manuscript. The descrip-
tive statistics mentioned within illustrative figures were not 
included in the study. The authors included ten studies in the 
meta-analysis which incorporated evaluation of postural 
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stability in participants similar at baseline and were evaluated 
with similar methodological approaches, but with different 
dual tasks. The aim of such analysis was to demonstrate the 
differential effects of complexity of dual tasks on postural 
stability. Additionally, the reasons for specific studies are 
mentioned subsequently.
Dual-task training
Eight studies under this category analyzed the effects of 
dual-task training on postural stability, whereas four studies, 
in two different categories, were included in the meta-
analysis.35,48,61,62 From the nonincluded studies, one study 
analyzed the effects of dual-task training on subacute 
stroke patients,34 two studies analyzed the effects on elderly 
participants,36,63 and one study on younger participants.64 
The two studies analyzing the effects of dual-task training 
on elderly participants considerably differed based on train-
ing duration and incorporated dual tasks. Hiyamizu et al36 
incorporated Stroop task with a dual-task training duration 
of two sessions per week for 3 months; however, Li et al63 
used an n-back task with a training duration spread over five 
sessions with a 2-day gap within each session.
Neurological impairment
Eight studies under this category analyzed the effects of 
dual task on postural stability of participants affected by 
neurological disorders. Two studies analyzing the effects of 
dual task on multiple sclerosis were included in the meta-
analysis. However, the third study despite having similar 
variables could not be included as the descriptive statistics 
were not available in the text and were not obtained even 
after contacting the corresponding author. Similarly, three 
other studies analyzing patients affected by Parkinson’s 
disease could not be included due to lack of descriptive 
statistics.22,92,93 Only one study analyzed the effects of dual 
tasks on postural stability of participants affected from 
degenerative cerebellar disorder.91
Young and elderly participants
Twenty-six studies under this category analyzed the effects of 
dual task on young and/or elderly participants. Four studies 
analyzing the effects of dual task on young and elderly par-
ticipants were included in the meta-analysis.17,20,80,94 Thirteen 
studies analyzing similar variables in terms of age and dual 
tasks were not included in the meta-analysis as they did not 
include descriptive statistics explicitly, but in figures, ie, bar 
diagrams.16,67,68,72,75,76,79,82,85–89 Shumway-Cook and Woollacott83 
and Shumway-Cook et al84 evaluated the effects of dual task 
on postural stability during balance perturbations in partici-
pants predisposed to falls, their healthy counterparts, and 
young participants, while the studies differed in terms of uti-
lized dual tasks. Mak et al,78 on the contrary, included a rather 
novel aspect of visual feedback during standing and utilized 
dual tasks in conjugation with this feedback approach. Hwang 
et al77 also utilized one leg standing as compared to the coun-
terpart studies, which utilized a basic two-legged standing 
under different conditions. Brauer et al69,70 analyzed postural 
recovery post balance perturbation with dual tasks among 
participants predisposed to falls, their healthy counterparts, 
and young participants with similar dual tasks. Likewise, 
Brown et al71 also utilized a similar approach and effective 
comparisons could have been drawn between studies to 
evaluate the effects of dual task on postural stability. Due 
to lack of descriptive statistics, and not heterogeneity, the 
studies could not be included in the analysis.
Outcomes
The results suggest clear evidence for a positive impact of 
dual-task training for enhancing postural stability among 
fall-prone elderly population groups and participants affected 
(OLJLELOLW\FULWHULD
          
5DQGRPDOORFDWLRQ&RQFHDOHGDOORFDWLRQ
%DVHOLQHFRPSDUDELOLW\%OLQGVXEMHFWV
%OLQGWKHUDSLVWV%OLQGDVVHVVRUV
$GHTXDWHIROORZXS,QWHQWLRQWRWUHDW
%HWZHHQJURXSFRPSDULVRQV3RLQWHVWLPDWHVDQGYDULDELOLW\
<HV1R
Figure 2 Risk of bias across studies.
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from stroke. A negative impact of dual tasks was observed 
in studies evaluating the effects of dual tasks on postural 
stability among fall-prone population groups affected by 
neurological disorders and/or with prior history of fall, as 
compared to their younger healthier counterparts.
Meta-analysis report
Dual-task training
Eight studies evaluated the effects of dual-task training 
on postural stability.34–36,48,61–64 One RCT34 and two CCTs 
evaluated the effects of dual-task training on postural sta-
bility in subacute and chronic stroke patients, respectively. 
Two RCTs35,36 and three CCTs evaluated the effects of dual-
task training on elderly and young participants. Significant 
enhancements in postural stability were reported in one 
good35 and six fair-quality studies.34,48,61–64 However, one 
good-quality study reported no significant enhancements in 
postural stability. A random-effect meta-analysis was con-
ducted across two categories. First, two studies evaluated 
the effects of fixed and variable priority dual-task training 
on postural stability among elderly population groups.35,61 A 
random letter generation task was utilized during the training 
phase which lasted for a 45-min session, three times a week 
for 4 weeks. Scores from Berg balance scale were utilized to 
assess the postural stability. Upon analysis, a large effect size 
was observed (Hedge’s g: 1.63), and 95% CI (1.16–2.10) was 
reported in the positive domain, demonstrating a beneficial 
effect of variable task priority within dual-task training to 
enhance postural stability (Figure 3A). Heterogeneity tests 
reported negligible heterogeneity (I2: 20.26%, P,0.01). 
Moreover, the studies were then reevaluated on the basis of 
fixed and variable priority dual-task training. In the condition 
of fixed priority dual-task training, upon analysis, a large effect 
size was observed (Hedge’s g: 1.42) and 95% CI (0.79–2.05) 
in the positive domain. Similarly, in the condition of variable 
priority dual-task training, a large effect size was observed 
(Hedge’s g: 1.91) and 95% CI (1.19–2.63) in the positive 
domain. Thereby, demonstrating a beneficial effect of variable 
priority over fixed priority dual-task training method.
Second, two studies analyzing the effects of dual-task 
training on postural stability among patients affected from 
chronic stroke were included in the meta-analysis.48,62 
The studies utilized a similar dual-task training duration 
phase of a 30-min session, three times a week for 8 weeks. 
Postural stability in the studies was assessed using functional 
reach test. Upon analysis, a large effect size was observed 
(Hedge’s g: 0.32), and 95% CI (-0.22 to 0.86) cm was 
reported in the positive domain, demonstrating a beneficial 
effect of within dual-task training to enhance postural sta-
bility (Figure 3B). Heterogeneity tests reported negligible 
%XUDJDGGDHWDO)36LOVXSDGROHWDO)3%XUDJDGGDHWDO936LOVXSDGROHWDO93
$QHWDO.LPHWDO
%RHVHWDO1HJDKEDQHWDO
+ROPHVHWDO0HO]HUHWDO
/DQ]DULQHWDO5HVFKHWDO
6WXG\QDPH
6WDWLVWLFVIRUHDFKVWXG\
+HGJHV¶VJDQG&,
(
'
&
%
$ 6WDQGDUGHUURU




9DULDQFH





/RZHUOLPLW
±±±
±±±
±±±
±±±
8SSHUOLPLW

±
±±±


=YDOXH


±
±
±±±
±
±
3YDOXH








± ±   
+HGJHV¶VJ

±
±
±±±
±
±

Figure 3 Forest plot illustrating individual studies evaluating the effects of (A) dual­task training with fixed (FP) and variable (VP) priority in elderly participants, (B) dual­task 
training in elderly participants affected from stroke, (C) dual­task in postural stability of participants affected from multiple sclerosis, (D) dual­task in postural stability of 
elderly participants, (E) dual­task in postural stability of young participants. 
Notes: Adjusted effect sizes; Hedge’s g (boxes), and 95% CI (whiskers) are presented, demonstrating repositioning errors for individual studies. Diamond represents 
pooled effect sizes and 95% CI. A negative mean difference indicates a favorable outcome for control groups; a positive mean difference indicates a favorable outcome for 
experimental groups.
Abbreviation: CI, confidence interval.
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heterogeneity (I2: 23.2%, P=0.24). The studies according 
to the PEDro methodological scale computed an average 
score of 4.8, indicating the average quality of the studies 
to be fair.
Neurological impairments
Eight studies evaluating the effects of dual-task performance 
on postural stability among participants affected by neuro-
logical disorders, such as cerebellar disorder, Parkinson’s 
disease,22,92–94 and multiple sclerosis,21,65,66,91 were included 
in the review. Significant enhancements in postural stabil-
ity were reported in one good65 and one fair-quality study.94 
Additionally, five fair-quality studies reported a significant 
reduction in postural stability among individuals affected by 
Parkinson’s disease,22,93,94 multiple sclerosis,66 and degenera-
tive cerebellar disorder.91 One good-quality study reported a 
reduction in postural stability (not significant) among partici-
pants affected by Parkinson’s disease.92 Five studies evalu-
ated the comparative effects between healthy participants 
and participants affected by neurological disorders,66,91,92,94 
but one study evaluated the comparison between participants 
affected by mild and moderate multiple sclerosis.21 Also, 
two studies evaluated the inclusion of stable and unstable 
surfaces for maintaining postural stability while performing 
a dual task.65,91
A random-effect meta-analysis was conducted across 
one category, for evaluation of the effects of dual task 
on multiple sclerosis.21,65 Even though the two included 
studies conducted the tests using different dual tasks, the 
methodology and included participants were similar at base-
line. The meta-analysis comprehensively demonstrated the 
differential effects of complexity of dual tasks on postural 
stability, ie, where on the one hand silent backward counting 
task improved the postural stability of the participants with 
multiple sclerosis, on the other hand incorporating word 
list generation task, incorporated by Boes et al,21 adversely 
impacted postural stability. Upon analysis, a large effect size 
was observed (Hedge’s g: -0.34) and 95% CI (-0.74 to 0.05) 
cm was reported marginally in the negative domain, demon-
strating a differential effect of dual-task complexity on the pos-
tural stability of participants with multiple sclerosis (Figure 3C). 
Heterogeneity tests reported considerable heterogeneity 
(I2: 63.6%, P=0.08). The increased heterogeneity could be 
attributed to the differential complexity of dual tasks within 
the studies, which according to Vuillerme and Vincent97 might 
affect the outcome of the primary task. According to PEDro 
methodological scale, the studies overall scored an average 
of 4.8, indicating the quality of the studies to be fair.
Young and elderly
Twenty-six studies evaluated the effects of dual-task 
performance on postural stability among young, elderly, 
young/elderly, and participants with/without history of 
falls.16,17,20,67–80,82–89 Eleven fair-quality studies evaluated 
the effects of dual tasks on young participants.16,17,20,67,72,
75,77,81,82,85,89 Four fair-quality studies reported significant 
enhancements in postural stability,16,17,77,85 whereas seven 
fair-quality studies reported significant reduction in postural 
stability.20,67,72,75,81,82,89
Two fair-quality studies evaluated the effects of dual 
tasks on elderly participants.70,74 Both the studies reported 
a significant reduction in postural stability post dual-task 
intervention.
Thirteen fair-quality studies compared the effects of dual 
tasks between young and elderly participants.68,69,71,73,76,78–80, 
83,84,86–88 Four studies included a comparison between 
elderly participants with/without history of falls.69,70,83,84 
Three studies reported significant enhancements in postural 
stability among both young and elderly participants.68,76,86 
Eight studies reported significant reductions in postural 
stability of elderly participants as compared to younger 
participants where enhancements in postural stability were 
observed.21,73,79,80,83,84,87,88 Two studies reported reduced pos-
tural stability (nonsignificant) among elderly participants; 
however, enhancements were observed in younger coun-
terparts. Similarly, significantly reduced posturasl stability 
was reported for participants with prior history of fall as 
compared to their healthy counterparts.69,70,83,84 A random-
effect meta-analysis was conducted across two categories 
for evaluation of the effects of dual task on healthy young 
participants. The two studies analyzed the postural stability 
using sensory orientation test; however, differential dual 
tasks were incorporated in the review.17,20 The methodol-
ogy and included participants were similar at baseline. The 
meta-analysis comprehensively demonstrated the differential 
effects of complexity of dual tasks on postural stability, ie, 
where on the one hand auditory switch task improved the 
postural stability of the participants,17 on the other hand, 
incorporating a complex mental arithmetic task adversely 
impacted postural stability among young participants. Upon 
analysis, a trivial effect size was observed (Hedge’s g: -0.02) 
and 95% CI (-0.45 to 0.41)% was reported marginally in 
the negative domain, demonstrating a differential effect 
of dual-task complexity on the postural stability of young 
participants (Figure 3E). Heterogeneity tests reported con-
siderable heterogeneity (I2: 48.2%, P=0.93), which could 
possibly be related to the differential complexity of the dual 
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tasks incorporated within the studies. A second random-effect 
meta-analysis was conducted to evaluate the effects of dual 
task on elderly participants. The two studies analyzed the 
postural stability using length of center of pressure path; 
however, different dual tasks were included in the studies. 
Despite the complexity, these cognitive tasks demonstrated 
detrimental effects of dual tasks on postural stability of 
elderly participants. The methodology and included par-
ticipants were similar at baseline. Upon analysis, a large 
effect size was observed (Hedge’s g: -1.15) and 95% CI 
(-1.67 to -0.63) cm was reported considerably in the nega-
tive domain, demonstrating a negative effect of dual-task 
complexity on the postural stability of elderly participants 
(Figure 3). Heterogeneity tests reported negligible heteroge-
neity (I2: 0%, P.0.01). The studies according to the PEDro 
methodological scale computed an average score of 4.2, 
indicating the average quality of the studies to be fair.
Discussion
This systematic review aimed to extend our understanding 
of the effects of dual tasks and dual-task training on static 
and dynamic postural stability among healthy and fall-prone 
population groups. Beneficial effects of dual-task training on 
postural stability of participants especially with poor balance 
capabilities were observed in this review. A PEDro 1b level 
of evidence and random-effect meta-analysis demonstrated 
the beneficial effects of dual-task training for enhancing 
postural stability among fall-prone population groups.
The review observed beneficial effects of dual-task 
training in studies analyzing patients affected from sub-
acute34 and chronic stroke.48,62 The studies reported patients 
affected from stroke to possess considerable impairments 
in their cognitive–motor domain. Because of this, altered 
weight distribution has been reported in stroke patients 
while maintaining static and dynamic postures.98 However, 
An et al48 and Kim et al62 performed a dual-task training 
regime (30-min session, three times a week for 8 weeks) 
and reported beneficial effects on postural stability even for 
conditions with visual restriction and/or unstable base when 
presented with dual tasks. These enhancements were also evi-
dent in the meta-analysis where enhancements in functional 
reach test (Hedge’s g: 0.32) and 95% CI (-0.22 to 0.86) cm 
were observed. The authors justified the beneficial effects 
by suggesting prevention of tipping effect.48 This review, 
however, believes training could have possibly allowed skill 
acquisition for the cognitive and motor task while making 
the use of reactive forces, which in turn has been shown to 
reduce active muscular contraction.99 This can possibly aid 
in reduction of muscular coactivation and muscle guarding-
related decrements in postural stability.6 A meta-analysis 
conducted by Wang et al51 also reported similar beneficial 
effects among stroke patients; 95% CI (0.54–5.21).
Furthermore, Silsupadol et al35 and Buragadda et al61 in 
their respective studies demonstrated a differential aspect 
of dual-task training with variable task prioritization. Meta-
analysis revealed a beneficial effect of 95% CI (1.19–2.63) 
in variable priority as compared to 95% CI (0.79–2.05) in the 
fixed priority condition. The authors in their respective studies 
also reported enhancements in cognitive task performance, 
rate of learning, and ability to maintain skill level during 
follow-up period. Silsupadol et al35 interestingly affirmed the 
enhancements obtained because of dual-task training toward 
the task integration hypothesis, which states better develop-
ment of task coordination skills following practicing with two 
tasks together. Likewise, Kramer et al100 in their study reported 
similar benefits during variable priority training and suggested 
that participants under variable priority conditions can learn 
to coordinate between two tasks during training. The authors 
speculated that the processing demand needed to perform a 
task was less when the attention was divided between two 
tasks. Moreover, the authors also reported a training effect 
during a 3-month follow-up within the variable priority condi-
tion as compared to fixed priority condition.35 According to 
Shigematsu et al,101 the training phase with a motor component 
enhances neural functioning and reduces response latency by 
effectively recruiting postural muscles resulting in improved 
sensory information processing. The review also identified 
radiological evidence by Erickson et al,102 which suggested 
enhanced cerebral hemodynamics in dorsolateral prefrontal 
cortex within the dual-task training group, and associated this 
effect with improved performance. In addition, certain centers 
of the brain associated with dual-task processing showed less 
activation posttraining, implying reduced processing demands 
posttraining.102 Some studies have also implied this training 
maneuver to act as a cognitive therapy for patients with atten-
tional deficits and cognitive impairments.34,52 Furthermore, 
this review identified dual-task training regimes to also allow 
benefits in cognitive performance.38,52 According to Hiyamizu 
et al36 and Wollesen and Voelcker-Rehage,38 enhancements 
in cognitive performance might lead toward smoothening 
of cognitive activities while maintaining static and dynamic 
postures, resulting in preventing falls. The authors of the 
present review also believe that the enhancements in stabil-
ity and dual-task performance are highly associated with the 
findings of Wolpert et al103 and Masters and Maxwell.9 In the 
present study, the initial phase of learning is suggested to be 
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more cognitively driven as compared to the later stages of 
learning, which in a dual-task training setting might get more 
fluent and independent. Our results are in line with previously 
conducted systematic reviews, where dual-task training has 
been reported to enhance postural stability and cognitive 
performance.38,49,50,52 However, this review is the first to reveal 
beneficial effects of dual-task training in a meta-analysis and 
a level of evidence analysis.
This review observed detrimental effects of dual tasks on 
postural stability for the participants with higher predisposi-
tion to fall. For instance, complexity-associated reduction 
in postural stability was reported for patients affected with 
multiple sclerosis21 and Parkinson’s disease.93 Researchers 
suggest incorporation of two underlying theories for this 
detrimental effect, ie, bottleneck and capacity model 
theories.21,104 Boes et al21 suggested that since the patients 
with neurological impairments such as multiple sclerosis, 
stroke, Parkinson’s disease, and elderly participants have 
cognitive deficits, it is possible that the neurological capacity 
for these patients would be even less in terms of the aforemen-
tioned models. However, the findings of systematic reviews 
conducted by Learmonth et al31 and Wajda and Sosnoff30 
concluded minimal effects of cognitive–motor interferences 
on postural stability for patients with multiple sclerosis and 
their healthy counterparts. The meta-analysis conducted by 
Learmonth et al31 revealed a small effect size of -0.11.
Furthermore, explaining the factors causing additional 
balance discrepancies in patients with parkinsonism, Bohnen 
et al105 and Andrade et al22 discussed that the dopaminergic 
and cholinergic pathways play a significant role in stabiliz-
ing the control of posture. These pathways play an important 
role in affecting the prioritization of posture and dual tasks 
within the central sharing model. The review conducted by 
Dirnberger and Jahanshahi106 supported these results and 
pointed out the considerable reduction in dopaminergic 
neuron in posterior putamen, anterior striatum, limbic nuclei, 
and neocortical extensions.107,108 As mentioned earlier, the 
basal ganglia–cortical network is involved in managing 
the “conscious” aspects of postural stability.6 Therefore, 
it might play an extensive role in causing considerable 
cognitive–motor interferences to reduce dual-task perfor-
mance and postural stability and even promote posture 
“second” strategy.109 Marchese et al92 added that the dual 
task, ie, calculation, motor sequence of thumb opposition 
task, might have caused the Parkinson’s patients to shift their 
attention, further leading to disturbed conscious control and 
reduced stability. Interestingly, one study analyzing patients 
with parkinsonism revealed beneficial effects of dual-task 
application. The authors from the study suggested that the 
patients constrained their posture for directing attention 
toward the dual task, which ironically also enhanced their 
posture. However, the authors of the review argue that 
factors of complexity within a dual task have played a role 
for enhancing stability, ie, reduced anterior posterior sway 
during nonspeech conditions.
Brauer et al69,70 and Shumway-Cook et al84 reported 
postural stability and its recovery to be poorer among partici-
pants with prior history of fall as compared to their healthy 
counterparts, while performing a dual task (verbal reaction 
to auditory tone task and sentence completion with visual 
perception tasks). Radiological evidence by Herath et al110 
and Szameitat et al111 reported the involvement of cortical 
areas along inferior frontal sulcus, middle frontal gyrus, and 
the intraparietal sulcus while performing auditory and visual 
reaction dual tasks. Therefore, suggesting that superimposing 
a dual task over already weak reorganized cortical struc-
tures may impart more stress and adversely impact postural 
stability.14 The findings of the present review are in line with 
recent review studies,6,26 where poor postural stability was 
also observed in fall-prone population groups as compared 
to their healthy younger counterparts.
Interestingly, the review found differential effects of dual 
tasks in studies evaluating healthy young participants and 
participants with balance deficits. For instance, researchers 
such as Vuillerme et al,89 Ramenzoni et al,82 Pellecchia,64 
and Lanzarin et al20 reported detrimental effects of dual 
tasks on young participants; on the other hand Donker et al,16 
Bergamin et al,68 Huxhold et al,76 Mak et al,78 Resch et al,17 
and Hwang et al77 reported beneficial effects even among fall-
prone elderly participants. In addition, beneficial effects of 
the dual-task application were also observed in participants 
with multiple sclerosis65 and Parkinson’s disease.94 Conven-
tionally, according to published reports fall-prone population 
groups experience poor postural stability under the influence 
of higher information processing constraints. However, this 
review observed these differential results and suggests an 
inverse correlation between the complexity of the dual tasks 
and the postural stability. Researchers suggest that accord-
ing to the Yerkes–Dodson law a U-shaped relation between 
cognitive demand and postural sway might reflect the level 
of arousal associated with dual cognitive task demand,76 
thereby suggesting an increase in postural sway with added 
complexity in a cognitive task.
Jacobi et al91 analyzed the postural stability of ataxic and 
healthy controls using a verbal working memory task. The 
authors reported less center of pressure sway with reduced 
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dual-task complexity for the ataxic group during a sensory 
orientation test. According to the authors, the involvement 
of cerebellum in both cognitive and motor tasks can result 
in increased interference,112 thereby affecting dual-task and 
postural performance. Also, the role of cerebellum has been 
reported especially during the performance of dual tasks while 
maintaining executive control including working memory, 
language, and visuospatial information.113 Radiological evi-
dence also demonstrates increased BOLD (blood oxygen level 
dependent) response in the cerebellar vermis and anterior lobe 
while simultaneous performance of cognitive–motor tasks.114 
This review also observed articulation as a major factor for 
complexity in terms of a dual task, yielding differential effects 
upon postural stability. Bensoussan et al,115 Marchese et al,92 
and Yardley et al,116 for instance, reported detrimental effects 
of aloud verbal, arithmetic tasks on postural stability. On 
the contrary, Negahban et al65 and Lanzarin et al20 reported 
beneficial effects of nonverbal tasks on postural stability of 
fall-prone participants. Literature analysis revealed research 
studies identifying commonly used dual tasks such as verbal 
recital, n-back, and counting backward to be considered as 
more cognitively driven.117 This review also observed the 
studies to ignore the verbal and hearing component incorpo-
rated in a dual-task paradigm. A functional magnetic reso-
nance imaging analysis by Behroozmand et al118 revealed the 
involvement of bilateral superior temporal gyrus, Heschl’s 
gyrus, precentral gyrus, supplementary motor area, Rolandic 
operculum, postcentral gyrus, putamen insula, and right infe-
rior frontal gyrus during speech production.119 Moreover, the 
authors mentioned that speech production is also followed 
by a feedback error detection system in the sensory cortex 
that again activates the motor areas for speech adjustments, 
therefore suggesting the auditory feedback as an additional 
factor for increasing complexity in a dual-task setting.
Yardley et al116 speculated the interaction between mus-
cular control of speech-associated respiration and posture to 
cause perturbation in posture. The authors compared complex 
articulated, mental tasks while analyzing postural stability and 
reported beneficial effects on stability in the absence of articu-
lation. This present review also suggests that the reinvolve-
ment of higher motor centers during speech production in a 
dual task might possibly result in central interference, which 
might impact the person’s dual task and stability performance. 
This review also adds to the existing knowledge that dual-
task paradigms involving only a mental component, such as 
mental arithmetic task, might also include a motor component. 
As mentioned earlier, hearing also incorporates activation of 
cortical structures, precisely bilateral superior temporal gyrus, 
and Heschl’s gyrus.118 The phase of instructions might activate 
this cortical pathway and can add to the certain amount of 
complexity in the dual-task scenario, which although trivial 
might result in considerable adverse effects in fall-prone 
population groups. This review did not find any study that 
analyzed the effects of dual-task posture in the absence of audi-
tory information, ie, via noise canceling headphones, white 
noise; therefore possibly explaining the reduction in stability 
for studies employing nonverbal dual tasks.20,67
In summary, a systematic review was conducted across 
five online academic search databases: Scopus, PEDro, MED-
LINE, EMBASE, and SportDiscus. A total of 1,284 articles 
were incorporated in our initial search, which later on imple-
menting our inclusion criteria were reduced to 42 (Figure 1). 
The meta-analysis conducted on studies suggested beneficial 
effects of dual-task training with variable priority for enhanc-
ing postural stability, especially among elderly participants. 
Moreover, an inverse relation was observed between the 
complexity of dual task and postural stability. This review also 
observed an articulation component within a dual task to be a 
component of added complexity, which further might enhance 
cognitive–motor interference in fall-prone population groups. 
This study also reveals detrimental effects of complex dual 
tasks among population groups with a higher predisposition 
to fall, as compared to their healthy counterparts.
Strengths
This present review is the first to analyze and compare the 
effects of dual-task training and dual task on postural stabil-
ity. Respective authors of the included papers were contacted 
for additional descriptive data or information. The review 
conformed to PRISMA guidelines in all applicable areas. 
A meta-analysis and a PEDro level of evidence were included 
for the studies included in this present review. The data used 
to compute the meta-analysis were used from the descrip-
tive statistics and not identified from figures to reduce the 
incidence of bias. This present review was also an effort to 
address the limitations pertained by previously conducted 
reviews. For instance, a few of the previous systematic 
reviews carried out the search across few academic databases. 
For instance, Ruffieux et al26 conducted the search across two 
academic databases, Boisgontier et al6 across three databases, 
and Agmon et al49 across four academic databases. This 
present review identified five widely utilized and reputed 
academic databases and continuously updated the data over 
a duration of 9 months. Additionally, few keyword search 
terms were identified as a possible limitation factor in the 
previous systematic reviews. However, during our literature 
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search the authors utilized a broad variety of MeSH keyword 
search terms (Supplementary material), which might have 
increased the possibilities of including a wide array of studies. 
The meta-analysis carried out in this present review is the 
first to evaluate the effects of dual-task training on elderly 
participants. However, it also aimed to replicate previous 
findings, while addressing the increased heterogeneity.
Limitations
Several limitations persisted in the systematic review, which 
are to be considered while interpreting the results. The 
average quality of the included studies according to PEDro 
methodological quality scale was found to be 4.7, indicating 
a fair quality of the studies. A high risk of bias prevailed 
because of the limited number of RCTs. The restriction of 
search strategy limited to English language, exclusion of 
conference proceedings and observational studies might 
have resulted in omission of relevant research. Inability to 
retrieve descriptive statistics from the respective studies and 
including fewer studies in the meta-analysis was also a major 
limitation of this study.
This present study did not impose restrictions on the type 
of included dual task, in order to analyze the differential 
effects of complexity of dual task. Therefore, a higher chance 
of biasing and differential outcomes can be expected. Like-
wise, the systematic difference between the population group 
base statistics related to age, weight, gender, and disease sever-
ity led to difficulty in comparing studies. A majority of the 
incorporated studies had a small sample size, which generates 
a high possibility of a type II error.120 The conclusions derived 
in the review based on incorporation of dual-task training in 
rehabilitation protocol are based on limited research.
Future directions
Future studies should focus on combining easier, nonverbal 
dual tasks in training during rehabilitation. Neuroimaging 
studies can provide additional insights for mechanisms 
involved during execution of nonverbal dual tasks. The 
review also suggests training fall-prone population groups 
to prioritize balance, ie, posture “first” in complex fall-prone 
environments; for instance escalators, narrow alleyways.121 
Likewise, nonverbal tasks utilized during activity of daily 
living can be analyzed in dual-task training regimes. Together, 
real-life implications can be drawn from these studies.
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